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Abstract The physical processes in the heliospace are a direct coaseg of the
influenced by Sun’s mass and electromagnetic emissionse Has been enormous
progress in studying these processes since the dawn of doe sge half a cen-
tury ago. The heliospace serves as a great laboratory ty stuierous physical
processes, using the vast array of ground and space-bassdmments of various
physical quantities. The observational capabilitiesemtiVely form the Great Ob-
servatory to make scientific investigations not envisiobgdhdividual instrument
teams. The International Heliophysical Year (IHY) progrhas been promoting
scientific investigations on the universality of physicabgesses such as shocks,
particle acceleration, dynamo, magnetic reconnectiogyetc flux ropes, plasma-
neutral matter interactions, turbulence, and so on. Thiephighlights scientific
deliberations on these and related topics that took placegithe IAGA session
on “Universal Heliophysical Processes” in Sopron, Hung@he session featured
several invited and contributed papers that focused omredisens, theory and mod-
eling of the universal heliophysical processes.

1 Introduction

The Sun strongly influences a region of space around it totardie of about 100
AU by virtue of its mass and electromagnetic emissionsitinesxd remote-sensing
observations combined with theory and modeling effortsehia@lped accumulate
a wealth of knowledge on the heliospace. The magnetizednalasnergetic parti-
cles, and the electromagnetic radiation from the Sun intexéth the neutral and
charged fluid envelopes that surround the planets and themnm Neutral material
from the interstellar medium and charged galactic origso &nter the heliospace re-
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sulting in additional physical processes. The interadtietween the solar wind and
the interstellar neutral matter results in pickup ions. fagnetic enhancements in
the solar wind caused by solar eruptions deflect the galaotmic rays, reducing
their severity in impacting Earth. The International Geggibal Year (IGY) during
1957-1958 provided a major impetus to the development afespaience. During
2007-2009, the International Heliophysical Year (IHY 2D@&as conducted to take
stock of the enormous achievements that the world scientfitmunity has accom-
plished since 1957 (see Davila et al, 2010, for an overvieth@iHY program and
its continuation as the International Space Weather thiggISWI)). The IAGA
session on “Universal Heliophysical Processes” in Soprfamgary provided a fo-
rum to discuss these achievements. Invited and contrilpépdrs addressed issues
on the variability of the sun from its interior to its atmogpé and in the extended
heliospace.

2 Solar Interior, Dynamo, and the Solar Cycle

The mass and electromagnetic emissions from the Sun ameatéfiy related to the
generation of energy in the solar core and its transport Oiatiae and convective
processes in the solar interior. The energy generationarsdfar core is primarily
due to the thermonuclear reactions that convert hydrogédreliam. Such a con-
version is consistent with the stellar structure infermealf helioseismology, a field
that developed rapidly with its origin in the discovery oéth-minute solar oscilla-
tions (Leighton and Brophy, 1961). The interior structunel dynamics of the Sun
has been established to a very high degree of accuracy byistuthe acoustic
waves trapped inside the Sun. The solution to the solar ineyproblem (Ahmad
et al, 2001) also confirmed the standard solar model edt&hlisy helioseismology
many years earlier. Couvidat (2010) summarized the cudemlopments in the
global and local helioseismology branches. The local kelemology is concerned
with sunspot regions, where one observes intense magreitls firoduced at the
base of the convection zone and transported to the surfaeesdnspot regions are
the sources of the most violent eruptions whose consegeeaode felt throughout
the heliosphere.

2.1 Solar Activity Cycles

The generation and maintenance of solar magnetism by tfexatitial rotation of
the Sun and the turbulent convection in its outer layers rgraéto most of the
energetic phenomena that take place in the solar atmospherelynamo mecha-
nism involves the conversion of the poloidal field into taialifield and vice versa
resulting in the 11-year sunspot cycle and the 22-year nagnele (see e.g., Char-
bonneau, 2005, for a review). The sunspot regions are theasaf coronal mass
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ejections (CMEs) and flares that lead to hazardous spac@ere@he largest num-
ber of sunspots appears on the Sun during the solar maximben likelihood of
energetic eruptions is very high. Prediction of the sunspmhber is therefore of
great practical importance and provides a metric of our tstdeding of solar mag-
netism. Petrovay (2010) reviewed empirical and theorktegpularities and patterns
underlying the sunspot cycle and discussed recent modeldhqarediction attempts
for solar cycle 24. Petrovay also discusses the possibldamézms that explain
the amplitude of the solar activity modulated over a longaetscale £ 90 yr) re-
sulting in epochs of suppressed solar activity (grand manifihere is widespread
interest in grand minima after Eddy (1976) discovered theidier minimum and
its implications for Earth’s climate.

There have been attempts, both based on empirical and dymaaels, to pre-
dict solar cycles. The sunspot number predictions for c§8leccupy a huge range
above and below the observations for cycle 23 (see e.g$®gjal, 2009). Using
a combined method, BrajSa et al (2009) predicted the stineartd the epoch of cy-
cle 24: the sunspot number will be in the low 80s, occurrirquad the year 2012.
Verbanac et al (2009) presented the details of this predictiethod: (1) the calcu-
lation of the asymmetry of the duration of the ascending astending solar cycle
parts, (2) the correlation of the relative sunspot numbeasid around solar activity
minima and the following activity maxima and (3) the methdthe autoregressive
moving average model (ARMA) applied to the relative sunsponber data mea-
sured up to now. They utilized various data sets that commigearly, corrected
yearly, monthly and smoothed monthly relative sunspot remablues.

2.2 Solar Dynamo and Grand Minima

Recognizing solar activity cycles from various proxy da&a kyreatly enhanced our
understanding of solar variability. Demetrescu et al (90@%d annual means of
measured and reconstructed solar, heliospheric, and regpieric parameters to
infer solar activity signatures at the Hale magnetic (MQJ &teissberg cycle (GC)
timescales. They reconstructed available open solar fladuation strength, cos-
mic ray flux, and total solar irradiance data back to 1700arselind parameters
(speed and density) and the magnitude of the heliosphemmeti field at 1 AU
were reconstructed back to 1870; time series of geomagaetiiaty indices (aa,
IDV, IHV), going back to 1870, were also considered. Simplteriing procedures
(successive 11-, 22-, and 88-year running averages aretatiffes between them)
and scaling by the standard deviation from the average ¥afube common inter-
val covered by the data show that the long-discussed vamiatithe 20th century (a
pronounced increase since 1900, followed by a depressiteih960s and a new,
slower, increase) seen in the 11-year averages of the aughgrameters, is a result
of the superposition in data of solar activity signatures 8@ GC timescales (see
Fig. 1). This leads to the conclusion that the MC and GC sigjaad quite similar in
all studied parameters, pointing to a common pacing sothieesolar dynamo.
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3 Solar Eruptions and their Interplanetary Consequences

It is possible to recognize distinct activity phenomenaegsged with the toroidal
and poloidal fields of the Sun. Flares, CMEs, and irradiaramations are con-
nected to the toroidal fields, while the high-speed solardvirom solar poles is
linked to the poloidal field. Both sets of phenomena have itgm consequences
on Earth. Thus the variations in the action of the solar dymeamn result in varying
influences on the geoeffectiveness and terrestrial cliff@ergieva, 2009). Flares,
high-speed solar wind, and CMEs produce space weathetfiecile irradiance
variation produces climate effects. CMEs impact on Eartiéginetosphere and re-
sult in intense geomagnetic storms, while high-speed sdglat can produce mod-
erate and weak storms. Flares produce short-term iondsghturbances that can
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Fig. 1 11-year averages (top), the Hale magnetic cycle (MC) signaldle) and the Gleissberg
(GC) signal (bottom) in various data: aa - geomagnetic égtindex , IDV - geomagnetic interdi-
urnal variability index, B - magnitude of the heliospheriagnetic field; V - solar wind speed; Fs
- open solar flux;@ - heliospheric modulation strength; TSI - total solar ifeete; CR - cosmic
ray flux (reconstructed count rate of the standard neutromiton); R - sunspot number.
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affect radio communication and navigations and accele@lte energetic particles
(SEPSs) of the impulsive type. CMEs on the other hand drivenfagle MHD shocks

that accelerate gradual SEPs, which are significant beadubey are potentially

hazardous to space-based technological systems and himspege.

CMEs originate from closed magnetic regions that possessfiagnetic energy.
Active regions produce the most energetic CMEs becauseedfitiye free energy
that can be stored in them. One of the important indicatorsesf energy is the
active region helicity. The helicity generation is thoughtbe closely connected
with the toroidal and poloidal fields (Longcope et al, 1998pGdhuri et al, 2004).
Based on the estimates of magnetic helicity in interplagdtax ropes, Sung et al
(2009) showed that the CME kinetic energy and the flux ropeitelre closely
related. Thus, the active region helicity and the flux ropecsure play a significant
role in understanding the generation and interplanetamgeguences of CMEs.

There is plenty of observational evidence for flux rope strecin CMEs and
their interplanetary counterparts (ICMESs). The flux ropacure was inferred from
the solar wind magnetic field data (see e.g., Burlaga et 8119 he coronagraphic
observations from the Solar and Heliospheric Observa®BHO) reveal flux rope
structure (see e.g., Chen et al, 1997). Linton (2010) coathtire CME flux rope
structure with the plasmoids observed in the Earth’s mamjaibt though the two
structures are of vastly different spatial scale. With gosnparison, Linton con-
cluded that flux rope formation is a universal space physienpmenon and that the
physical mechanisms responsible for flux rope formatioruoower a wide range
of plasma conditions wherever current sheets exist. Thegtsheets in the solar
atmosphere are of particular interest it is supposed tdtriesthe CME flux ropes.
Poletto (2010) reviewed the observational evidence oftuisheets throughout the
solar atmosphere.

One of the important consequences of a flux rope structuhatsite can predict
which portion of the flux rope is likely to interact with Eaithmagnetosphere. For
example, if the flux rope axis is in the ecliptic plane, themlgrading field is pointed
to the north or south, while the trailing field has the opposénse. South-pointing
field is necessary for reconnection with the magnetospfielit; which points to the
north. Another advantage is the possibility that the fluxerapis is parallel to the
neutral line in the solar active region (or the axis of thenfiéant overlying the neutral
line). Observations indicate that there is significant déon between the flux rope
axis and the active region neutral line, suggesting thdi¢faorientations rotate by
up to 160 degrees with respect to the magnetic orientatitled€ME source region
on the Sun. The cause of this rotation it is not well understd@rok et al (2009)
reported on a systematic study of CME rotation mechanisasgd on numerical
MHD simulations of a flux rope CME model. They focused on twochanisms:
(i) the conversion of flux-rope twist into writhe and (ii) tirgeraction of the flux-
rope current with the component of the ambient coronal miagfield along the
flux rope. By varying the initial flux rope twist and the sheagk of the ambient
magnetic field, they found a continuous range of flux ropetiata between- 20
and~ 140 degrees in the simulations. Strong rotations of mone tha00 degrees
require both high flux rope twist (i.e., the occurrence oftibécal kink instability)
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and the presence of a significant shear of the ambient fieldregipect to the initial
flux rope orientation.

Occasionally, linking the active region helicity to thattbg interplanetary flux
rope originating from the active region may not be straightaird. Chandra et al
(2010) discussed a CME from NOAA AR 10501 that was associaifda mag-
netic cloud (MC) of positive magnetic helicity on 20 Novem#903. However, the
active region had a negative helicity, opposite to that efMC. They reconciled
the disparity using the observation that a smaller regidghiwthe active region had
emerging flux with a positive helicity, which might explaimet positive helicity in
the MC.

4 CME-driven Shocks and Related Phenomena

The heliospace plasma is an ideal laboratory for colli@sslshock physics, be-
cause it supports a variety of shocks, ranging from mini-lsbwcks ahead of the
lunar magnetic anomaly to large scale shocks in front of CKlEesasawa, 2010).
The dissipation processes at collisionless shocks natuesult in the production
of nonthermal particles. CME-driven shocks are of particimterest because they
accelerate electrons and ions throughout the heliospacekSvaves near the Sun
produce type Il radio bursts and release SEPs (see Valt@0&g). Type Il bursts
represent one of the several different radio emission Eethat occur in the he-
liospace (Messerotti, 2010). When the shocks impact thenetagphere, they pro-
duce the storm sudden commencements, which are signatunesgmetospheric
compression.

4.1 EUV Wave Transients

The CME-driven shocks also manifest as EUV wave transievitgsh are thought
to be bow waves enveloping CMEs. Veronig (2010) reviewedctireent status of
large-scale EUV waves (also known as “EIT waves” and “cofbi@aeton waves”)
in the solar corona that are launched in association witardtzres and CMEs. In
particular she discussed the physical nature of the wasset tlave, driven-wave, or
non-waves. Based on the wave kinematics and dynamics ddrom high-cadence
observations by the EUVI instruments onboard the twin STEBRBacecraft, she
concluded that the coronal wave reveals decelerationcatigle of a freely propa-
gating MHD wave after an initial driving by the expanding #arof the associated
CME. When EIT waves are associated with type Il radio bumsts,infers that the
EIT wave is in fact a fast mode shock.
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4.2 Radio-loud and Radio-quiet Shocks

The fact that shocks are important source of energeticabestin the heliosphere
can be inferred in a number of ways. Type Il radio bursts aeeeifirliest signa-
ture of particle acceleration by CME-driven shocks. Typbuists begin when the
CMEs are typically at a heliocentric distance of 1.5 Rs (Gapamy et al, 2009b)
indicating that electrons accelerated to an energy of uptdel escape from the
CME-driven shock front. Type Il bursts also serve as an imic of particle ac-
celeration by shocks throughput the inner heliosphere sSE® released typically
at larger heliocentric distances 6—7 Rs), where a combination of circumstances
favor SEP acceleration and release (CMEs reaching peakispee Alfven speed
starts declining). This spatial domain overlaps with thielfief view of white-light
coronagraphs, so shock signatures can be discerned in tbeagmaphic images
as the diffuse feature ahead of the bright structures. Goyaahy et al (2009a) de-
scribed the diffuse feature as the compressed sheath ah#ael ftux rope in the
2005 January 15 CME (see Fig. 2). The extent of the diffustufeaiffered sub-
stantially when shocks with (radio loud) and without typeblrsts (radio quiet)
were considered. They investigated the widths of the flue @apd the surrounding
disturbance for 13 radio-quiet and 47 radio-loud interptary shocks associated
with limb CMEs. The sky-plane widths of the surrounding disiance were much
larger for the case of radio-loud shocks (284 degrees cadgar197 degrees for
the radio-quiet shocks).

4.3 Extended Shocks and SEPs

The large extent of the shock surrounding energetic CMEsirhpsrtant conse-
quences in the heliosphere. Malandraki et al (2009) regamtergetic particle ob-

2005Jan 15

06:24  06:30-06:24 .

Fig. 2 A flux rope CME (2005 January 15) observed by SOHO/LASCO wiith surrounding
shock disturbance. (left) pre-CME corona at 6:24 UT, (m&)idhe CME with flux rope (FR) and
prominence core and a kink (S) in the streamer outside therdip, and (right) The difference
between the images at 06:30 and 06:24 showing the diffuserialtsheath) surrounding the flux
rope.
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servations by Ulysses during the period of isolated butisgesolar activity from
active region 10930 in December 2006. The heliocentriadist of Ulysses was 2.8
AU, located at 72 southern heliographic latitude immersed in the high-sysetar
wind from the southern polar coronal hole. The particle éveas associated with
an X9.0 flare from SO7E79 on December 5, being the largest graset of 4 X-
class events. Three forward shocks from these eruptions eleserved at Ulysses,
even though Ulysses was located at W120. The shocks werelmiéd by dis-
cernible ejecta suggesting that the shocks were much mterded than the ejecta.
The onset and decay profiles of the event for the 8-19 MeV prot@nnel were
relatively smooth. The event had a ‘clean’ onset, occuiinraperiod nearly devoid
of solar wind structures and with relatively low pre-evemtensities (see Fig. 3).
The pitch-angle distributions of energetic particles weear-isotropic. The parti-
cle flow directions were along the field and there was no ewiddor any net flow
across the field lines, so there was little cross-field diffaglose to the observer.
The magnetic field in the fast solar wind is much more turbijlem particle propa-
gation should be more difficult leading to significant saatig The rise-time of the
SEP event at STEREO-B was found to be faster than at Ulyskksgh this cor-
responds to an eastern poorly connected event as viewedHEarth), suggesting
a more diffusive transport to high latitudes than to the sigath STEREO-B. The
relatively simple structure of the heliosphere in Decen#ti¥#¥6 when Ulysses was
in the southern polar wind seem to exclude the possibiliay thagnetic field lines
originating at low-latitudes reached Ulysses. The enargsrticles observed as
large SEP events over the south pole of the Sun were reledsed the propagat-
ing coronal waves reached high latitude magnetic field locmected to Ulysses.
Based on the observations available, however, cross-fil@lidn closer to the Sun
cannot be definitely excluded.

4.4 Geospace Consequences of Solar Eruptions

CMEs have important consequences in geospace by directinipaomagnetic
storms) and via SEPs, which can be trapped in Earth’s radi&@lt over long pe-
riods of time. SEPs can also penetrate Earth’s atmosphéiglatatitudes leading
to ozone depletion. The properties of magnetosphere carbalsnodified during
geomagnetic storms. Kudela and Lazutin (2010) revieweatiesston the cosmic ray
anisotropy observed at neutron monitors and muon telesgapebefore the onset
of some geomagnetic storms. They also discussed changesmignetic cut-off,
structure of the cosmic ray transmissivity function anddkgmptotic directions for
various geomagnetic field models during strong geomagsttims. They reported
preliminary results of a study on the solar proton captute iadiation belts using
coronas data and explored the use of different geomagnatiafiodels that can fit
the observed trapped particle profiles in different localetisectors. Furthermore,
they pointed out that measurements of energetic neutradsgonis (gammas and
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neutrons) near the Earth or on the ground can serve as intsoaft acceleration
processes on solar surface.

The first interplanetary structure that impacts Earth’s neagsphere is the shock
ahead of the ICME, which is recognized in the ground-basegnei@mmeter data
as a sudden increase in the horizontal component of Eartidgatic field known
as the geomagnetic sudden commencement (SC). The prafjminpulse (PI) of
SCs appears as a negative impulse (PRI) at the afternoondtigide and day-
side geomagnetic equator, and a positive impulse (PPI) etinghigh latitude and
nightside geomagnetic equator. The temporal and spati@tiaans of the Pl are
explained by means of a magnetosphere-ionosphere cugsets composed of
the ionospheric Hall and Pedersen currents at high lastate the Pedersen cur-
rent amplified by the Cowling effect at the equator. The ighesic currents are
driven by the dusk-to-dawn electric field impressed fromrtregnetosphere. The
electric field then propagates to low latitude, driving westd/eastward currents in
the day/nightside equatorial ionosphere. Although theenlaions indicate instan-
taneous transmission of the electric field to the equatarngptete confirmation re-
quired high time resolution and better data coverage. Kikatal (2010) analyzed
Pl events using 1-sec sampled magnetometer data recortigghatquatorial lati-
tudes on both day- and nightside. They found that the PI toStaultaneously with
the temporal resolution of 1 sec at all latitudes and locaét. The D-component
deflections at mid latitudes were consistent with the Pealecsirrents connecting
the field-aligned currents with the equatorial Pl currefite instantaneous devel-
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opment of the Pl currents is consistent with their scenaaiged on the TMO mode
wave in the Earth-ionosphere waveguide.

Nanan et al (2010) studied the changes in the Earth’s iorweptue to the pas-
sage of the CMEs of 07-11 November 2004. The observed charngede (1) the
direct response of the high latitude ionosphere, (2) theldgwent of a rare super
double geomagnetic storm, (3) the development of strongrdayeastward prompt
penetration electric field (PPEF) events in the longituties were in daytime sec-
tors during the main phases of both super storms, (4) theg#8 layer with large
density depletions around the equator in the longitude©i\®fRPEF events, and
(5) the large positive/negative ionospheric storms at toid-latitudes. Using the
physics based model SUPIM, they evaluated the relative iitapoe of diffusion,
daytime eastward PPEF and neutral wind on the equatorstadountain and pos-
itive ionospheric storms. The plasma fountain was foundafdly develop into a
super fountain and the equatorial ionization anomaly (E#8sts shifted to higher
than normal latitudes during the PPEF event both in the peesand absence of
neutral winds. However, the super fountain became stromigietess poleward turn-
ing of the plasma flux vectors and the EIA crests became strahgn normal in the
presence of an equatorward wind. The equatorward wind eztl(ar stopped) the
downward velocity component due to diffusion and raisedahesphere to high al-
titudes of reduced chemical loss. These mechanical efdétii® equatorward wind
accumulated the plasma brought by the super fountain, amcehsrengthened the
EIA crests and produced positive ionospheric storms; tiielweed not be a storm-
time wind, although stronger wind could lead to strongepgpheric storms.

5 Solar Wind Processes

Solar wind represents another important mass emissioegsdmom the Sun, which
is rather steady in contrast to that during CMEs. The largeber of observa-
tions and theoretical studies of the solar wind since itgioail prediction by Parker
(1958) have established the basic picture that the windiveriby heating of the
solar corona. Lie-Svendsen (2010) emphasized the neeshtdtie corona and wind
as one tightly coupled system. He also noted that the solas toas is controlled
by the amount of coronal heating and by the energy flow betwezohromosphere
and corona. He also highlighted the following key resulsfrSOHO/UVCS ob-
servations: (i) protons and heavy ions are much hotter theatrens, (ii) the wind is
rapidly accelerated within a few solar radii, and (iii) tloea itemperature perpendic-
ular to the magnetic field is much higher than the paralleiperature. From these
observations he concluded that the solar wind is driven in&in proton heating
close to the Sun, perhaps through ion cyclotron waves.
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5.1 Evolution of Solar Wind Properties

The twin spacecraft of the STEREO mission have helped utatetshe temporal
evolution of the solar wind plasma properties using theted@ecand ion measure-
ments. Opitz et al (2009a) compared the proton bulk velooi®asurements made
by the PLASTIC instruments on STEREO A and B after adjustorgtie theoreti-
cal time lag. They obtained the correlation coefficientstfigr proton bulk velocity
as a function of the time difference between two ejectiorte@plasma parcel from
the solar source as 0.95 and 0.85 for time lags of 0.5 days aag<, respectively
(Fig. 4a). They performed a similar correlation analysighe electron core den-
sities measured by the two STEREO/IMPACT instruments. Tdreetation coeffi-
cients were 0.80 and 0.65 for time lags of 0.5 days and 2 deggectively (Fig. 4b).
The correlation was lower for the electron density than fierproton bulk velocity,
though for both parameters the solar wind can be considerpdraistent over more
than 2 days. Opitz et al (2009b) extrapolated the solar wirkl \elocity measure-
ments for different in-ecliptic heliospheric positionshiah were validated using
on-site measurements at Venus (VEX), Earth (SOHO) and MES(). They also
showed that the solar wind is accelerated or deceleraterkans interfaces during
its radial propagation.

5.2 Solar Wind Turbulence

The solar wind also offers a unique laboratory for studyundptilent plasma pro-
cesses. Of particular interest is the turbulence at MHDeschecause it strongly
affects several aspects of the solar wind: generation aatingeof the wind, par-

ticles acceleration, and cosmic-ray propagation. Alfeghictuations in the solar
wind are also linked to geomagnetic activity. Bavassand (20eviewed the solar
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Fig. 4 Temporal evolution of the solar wind proton bulk velocity énd electron core density (b)
obtained by correlating the STEREO A and B measurements.
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wind observations at different heliocentric distances latitbdes that have helped
understand the mechanisms driving the solar wind turbeleGary (2009) pre-
sented their idea on the role of whistler fluctuations in tiesigation regime of
solar wind turbulence. They proposed the whistler flucturetias an alternative hy-
pothesis to describe short-wavelength turbulence in theg sond, because the ki-
netic Alfven waves may not contribute to a power law spectriarticle-in-cell
simulation showed that the whistler cascade yields steegptaw power spectra
consistent with observations. Voros and Leubner (2088prted on the occurrence
of magnetic turbulence in the solar wind on the basis of a ledepproach. They
concluded that the solar wind turbulence is strongly l@ealiand associated with
large-scale structures, in particular shocks. The quietishock periods in between
the localized turbulent fluctuations were found to be urneeldo turbulence or tur-
bulent intermittency. They also pointed out that the mésiptetations caused by
the stationarity assumption in the recent literature ageicant and therefore sug-
gested a revision of the basic idea of stationarity in soladviurbulence.

5.3 Reconnection exhaust in the solar wind

The reconnection events, known to be central to many enengeenomena in the
heliospace, have recently been found to occur in the sotad . Mzavraud et al (2009)
reported on the analysis of one such event in the heliospharient sheet (HCS)
crossed by WIND, ACE and STEREO (see Fig. 5). Although only\w&land ACE
provided good ion flow data in accord with a reconnection eshahe magnetic
field bifurcation typical of such exhausts was clearly olssdrat all spacecraft. Un-
ambiguous strahl mixing within the exhaust was consistetit the sunward flow
deflection observed at WIND and ACE and thus with the fornma¢ibclosed mag-
netic field lines within the exhaust with both ends attacteethe Sun. The strong
dawnward flow deflection was consistent with the exhaust afideorientations
obtained from minimum variance analysis (MVA) at each speafe so that the
X-line was almost along the GSE Z-axis and duskward of allsgpa&cecraft. The
observation of strahl mixing in extended and intermitteyelrs outside the exhaust
by STEREO A and B was consistent with the formation of eletseparatrix lay-
ers surrounding the exhaust. This event also provideddugwidence that balanced
parallel and anti-parallel suprathermal electron fluxes rast a necessary condi-
tion for identification of closed field lines in the solar wird the present case the
origin of the imbalance simply was the mixing of strahls obstantially different
strengths from a different solar source each side of the HB@8.inferred exhaust
orientations and distances of each spacecraft relativeeoXtline show that the
exhaust was likely non-planar, following the Parker spina¢ntation. Finally, the
separatrix layers and exhausts properties at each spécagygest that the mag-
netic reconnection X-line location and/or reconnectioe naere variable in both
space and time at such large scales.
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STRAHLS OF DIFFERENT PROPERTIES
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Fig. 5 (Lower left part) Idealized projection of asymmetric renention in the solar wind (in the
L-N plane formed by the directions of minimum (N) and maxim(lth magnetic field variance).
The field line kinks at each exhaust boundary acceleratel#isenas they intercept. The exhaust
boundaries are locally open, rotational-like discontiiesi Suprathermal electrons can flow from
one side to the other (curvy dash-dotted lines), so as to fedaotron separatrix layers. (Right
part of figure) Spacecraft such as Wind/ACE and STEREO-Agtkxt on the sunward side of the
reconnection site, are on newly closed field lines and thsemie the mixing of suprathermal
electrons from the two sides of the reconnecting currergtsfidne strahls from the two sides may
be of different strengths (dark and light grey arrows at the)SFrom Lavraud et al (2009).

5.4 Influence of the solar wind on energetic particles

The solar wind plays also plays an important role in esthligs the global char-
acteristics of MeV patrticles in the inner heliosphere. Twgpexts of this relation
were reported by Kecskeméty et al (2009): the decay rate sdlar energetic parti-
cle events and the energy spectrum during quiet solar BctAs convection and
adiabatic deceleration play a dominant role in particleppgation at these en-
ergies, the characteristic time constant of exponentiaiifdecays should be in-
versely proportional to solar wind speed resulting in anoexgmtial time {) profile
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J(t) O E Yexp[—4V(1+ y)t/3r] with V denoting solar wind speeg,the slope of
the energy ) spectrum, and the heliocentric distance. The characteristic decay
time was found to be valid in more than 50% of events in SOHOWlgdses simul-
taneous time profiles; thé andr dependence was also confirmed. Based on IMP-8,
SOHO, and Ulysses data, the quiet-time MeV proton fluxes Woened to correlate
with solar activity, and in particular, with the solar windesed. The comparison of
particle fluxes and solar wind speed during the solar agtivithnima of 1976—77
and 1986-87 indicated that whereas fluxes of both quiet toweelnergy protons
and GCR were lower in 1986—87, the corresponding solar wieéds were higher.
The two recent minima, 1996-97, and 2006—07 were also cadpeasing SOHO
data. The closest correlation was found between 4.5-20 Metoip fluxes and so-
lar wind pressure (see Fig. 6, including quiet periods frbelast two minima), the
lowest proton fluxes appeared at lowest plasma pressures.

5.5 Solar wind in the outer heliosphere

The character of the solar wind undergoes a significantfivamgtion in the outer
heliosphere owing to the greater influence exerted by tleegtellar medium. Using
observations from multiple spacecraft distributed thitoag the heliosphere and a
multi-fluid MHD model, Wang and Richardson (2010) traced pnepagation of

SOHO EPHIN quiet time fluxes
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Fig. 6 Scatter plot between Solar wind pressure and quiet-timecfgflux for three different
energy ranges.
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interplanetary CMEs (ICMEs) and the shocks driven by theamfi. AU to the lo-
cation of Voyager 2. They showed that the ICME shock relatdmis not simple as
one observes at 1 AU: successive merging and interactioslatively small inter-
planetary shocks could form a well-developed strong fodveiock beyond 30 AU.
They showed that the strong shock (speed jump00 km/s) of 2001 October 16
was due to the merging of a series of shocks observed at Ba#pril 2001. They
also examined the characteristics of the termination shodletail, making use of
multiple shock crossing of Voyager 2 in August 2007. For twassing events, the
flow was found to be still supersonic with respect to the trarions downstream
of the termination shock, probably due to the fact that méshe solar wind en-
ergy is transferred to pickup ions. They concluded that tharswvind in the outer
heliosphere is fundamentally different from that in thednheliosphere, since the
influence of the local interstellar source becomes sigmifica

5.6 Solar Wind Structure and Cosmic-ray Modulation

One of the implications of the solar wind and the magnetidfielcarries is its

impact on the galactic cosmic rays that enter the heliogphearreira (2010) de-
scribed the current status of numerical model computatizaiscompare well with

spacecraft observations at various energies. The baskesé tcalculations is the
transport equation, which is solved using realistic transparameters, model of
the heliosphere (including the asymmetry caused by thévelaotion between the
local interstellar medium and the Sun), and the heliosphaegnetic field. Time-

dependent modulation was also discussed to show that éefite together with

propagating diffusion barriers are responsible for moiiluteover a solar cycle.

6 Concluding Remarks

The summary provided in this paper gives only a birds eye wieadimited number
of heliophysical processes. However, the topics menti@aredof current interest
both from physics and practical points of view. The origirsofar wind and CMEs
continue to occupy the forefront of solar-terrestrial st because they have been
identified as the primary sources of space weather. The pasidé has seen an
enormous growth in research focusing on space weather pthecause of its
scientific research, but also because of the increased depey of the humans
on space based technology, which is vulnerable to spacéhareayith the recent
launch of the Solar Dynamics Observatory (SDO), there vélhiiore focus on the
source of mass emission using the unprecedented SDO imeg@pled with what
is already available from ground and spacebased assetie iMapast decades have
seen man made instruments making in situ measurements alithto the edge of
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the heliospace, the current decade will see in situ meagmsmade from close to
the Sun where the mass emission begins using the Solar PiigbmRsion.
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